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(54) Multilayer battery cell and method of producing same 



(57) A multilayer battery cell comprises an ion-con- 
ductive separator film. A positive electrode layer is dis- 
posed on one surface of the separator film. A negative 
electrode layer is disposed on the other surface of the 
separator film. A first conductive layer is disposed on 
the positive electrode layer and electrically connected to 



the same. A second conductive layer is disposed on the 
negative electrode layer and electrically connected to 
the same. The positive and negative electrode layers 
and the first and second conductive layers are each pro- 
duced by employing a spraying process. 
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Description 

BACKGROUND OF INVENTION 

1 . Field of Invention 

[0001] The present invention relates in general to 
rechargeable batteries and method of producing same, 
and more particularly to rechargeable lithium ion batter- 
ies and method of producing same. More specifically, 
the present invention is concerned with a multilayer bat- 
tery cell used as an essential element of the battery and 
a method of producing same. 

2. Description of Prior Art 

[0002] In order to clarify the task of the present 
invention, one known multilayer battery cell will be 
briefly described with reference to Fig. 1 1 of the accom- 
panying drawings. 

[0003] The drawing shows an enlarged sectional 
view of the known multilayer battery cell 9 for the bat- 
tery. As shown, the known battery cell 9 comprises pos- 
itive and negative electrode parts "P" and "N" which are 
put on each other to form a laminated assembly. The 
positive electrode part "P" comprises a metallic foil cur- 
rent collector 1 that has positive electrode layers 2 at 
both surfaces thereof and two separator films 3 and 4 
that intimately put therebetween the positive electrode 
layers 2. Similar to this, the negative electrode part "N" 
comprises a metallic foil current collector 5 that has 
negative electrode layers 6 at both surfaces thereof and 
two separator films 7 and 8 that intimately put therebe- 
tween negative electrode layers 6. Although not shown, 
the multilayer battery cell 9 is to be wound up to form a 
shaped unit. The shaped unit is received in a case filled 
with an electrolytic solution. A lid is fixed to the case to 
complete the battery. This type battery is shown in page 
542 of "Battery Handbook" issued from MARUZEN Co., 
Ltd. in 1995, and pages 217 and 320 of "High Density 
Lithium Secondary Battery" issued from TECHNOSYS- 
TEM Co., Ltd. 

[0004] However, as is easily understood from the 
drawing, the multilayer battery cell 9 has a complicated 
structure due to usage of numerous parts and elements 
such as foil current collectors 1 and 5, and separator 
films 3, 4, 7 and 8. The complicated structure brings 
about not only a bulky construction of the battery but 
also a time-consuming production process of the same, 
that causes increase in cost of the battery. 

SUMMARY OF INVENTION 

[0005] !t is therefore an object of the present inven- 
tion to provide a multilayer battery cell which is simple in 
construction and easy to be produced. 
[0006] According to a first aspect of the present 
invention, there is provided a multilayer battery cell 



comprising a separator film that is ion-conductive; a 
positive electrode layer disposed on one surface of the 
separator film, the positive electrode layer being pro- 
vided by spraying on the surface of the separator film a 

5 first predetermined composition; a negative electrode 
layer disposed on the other surface of the separator 
film, the negative electrode layer being provided by 
applying on the other surface of the separator film a 
second predetermined composition; a first conductive 

w layer disposed on the positive electrode layer and elec- 
trically connected to the same; and a second conductive 
layer disposed on the negative electrode layer and elec- 
trically connected to the same. 

[0007] According to a second embodiment of the 

15 present invention, there is provided a multilayer battery 
cell which comprises an ion-conductive separator film 
including a porous plastic film that has pores filled with 
ion -conductive additive; a positive electrode layer dis- 
posed on one surface of the separator film, the positive 

20 electrode layer being provided by applying on the sur- 
face of the separator film an oxide of lithium metal com- 
plex; a negative electrode layer disposed on the other 
surface of the separator film, the negative electrode 
layer being provided by applying on the other surface of 

25 the separator film a carbon powder or an oxide of lithium 
metal complex; a first conducive layer disposed on the 
positive electrode layer and electrically connected to the 
same, the first conductive layer having a first portion 
that is in contact with both the separator film and the 

30 positive electrode layer; a second conductive layer dis- 
posed on the negative electrode layer and electrically 
connected to the same, the second conductive layer 
having a second portion that is in contact with both the 
separator film and the negative electrode layer; a first 

35 insulating layer disposed on the first conductive layer 
and having a portion that is in contact with both the sep- 
arator film and the positive electrode layer; and a sec- 
ond insulating layer disposed on the second conductive 
layer and having a portion that is in contact with both the 

40 separator film and the negative electrode layer, wherein 
the positive and negative electrode layers, the first and 
second conductive layers and the first and second insu- 
lating layers are each provided by a spraying or printing 
process and wherein upon charging and discharging, 

45 ion transfer takes place between the positive and nega- 
tive electrode layers through the separator film. 
[0008] According to a third aspect of the present 
invention, there is provided a method of producing a 
multilayer battery. The method comprises conveying an 

so ion -conductive separator film in a given direction, the 
separator film having first and second surfaces; spray- 
ing first and second predetermined compositions on the 
first and second surfaces of the separator film respec- 
tively, the first and second predetermined compositions 

55 being those for producing positive and negative elec- 
trode layers; drying the first and second predetermined 
compositions thereby to form the positive and negative 
electrode layers on the first and second surfaces of the 



2 



3 EP 1 075 037 A1 4 



separator film; spraying third and fourth predetermined 
compositions on the positive and negative electrode lay- 
ers thus produced; and drying the third and fourth pre- 
determined compositions thereby to form first and 
second conductive layers on the positive and negative 
electrode layers respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

Fig. 1 is a diagrammatic representation of a multi- 
layer battery cell that is a first embodiment of the 
present invention; 

Figs. 2, 3 and 4 are views similar to Fig. 1, but 
showing second, third and fourth embodiments of 
the present invention; 

Fig. 5A is a sectional view of a shaped unit that is 
produced by winding up the multilayer battery cell of 
the second embodiment of Fig. 2; 
Fig. 5B is an enlarged view of the part indicated by 
the arrow "VB" in Fig. 5A; 

Fig. 6 is a schematic view of a production line for 
producing the multilayer battery cell of the first 
embodiment of the invention; 
Figs. 7, 8 and 9 are views similar to Fig. 6, but 
showing production lines for producing the multi- 
layer battery cells of the second, third and fourth 
embodiments of the invention; 
Fig. 10 is an enlarged sectional view of a cell that 
was produced in accordance with a method of the 
present invention; and 

Fig. 1 1 is a sectional view of a known multilayer bat- 
tery cell for a battery. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[001 0] In the following, embodiments of the present 
invention will be described in detail with reference to the 
accompanying drawings. 

[0011] Throughout the specification, the same ref- 
erence numerals indicate substantially the same parts 
and constructions. 

[0012] Referring to Fig. 1, there is shown in a sec- 
tional manner a multilayer battery cell 100A which is a 
first embodiment of the present invention. It is to be 
noted that the multilayer battery cell 100A has a flat- 
strip shape having a size of about 10 to 30cm in width, 
about 50 to 100um in thickness and 100m in length. 
[0013] The cell 1 00A comprises a strip-like separa- 
tor film 1 1 , a strip-like positive electrode layer 1 2 formed 
on one surface of separator film 1 1 , and a strip-like neg- 
ative electrode layer 13 formed on the other surface of 
separator film 11. 

[0014] The separator film 11 is an ion-conductive 
film, that is, a heat resistant porous plastic film that has 
at least some of pores filled with ion-conductive addi- 
tive. The plastic film is made of polyethylene (PE), poly- 



propylene (PP) or polyimide. As will be described in 
detail hereinafter, the positive, electrode layer 12 is pro- 
vided by applying or spraying on one surface of separa- 
tor film 11a lithium oxide composition and drying the 

5 same. The lithium oxide composition is provided by mix- 
ing a lithium oxide (such as, LiCo0 2 , LiMn 2 0 4t LiMn0 2 , 
LiNi0 2 or the like), an electrically conductive additive 
and an ion -conductive additive. The negative electrode 
layer 1 3 is provided by applying or spraying on the other 

ro surface of separator film 1 1 an ion -conductive composi- 
tion and drying the same. The ion-conductive composi- 
tion for the negative electrode layer 13 is prepared by 
mixing a carbon powder and an ion-conductive additive. 
As will be described in detail hereinafter, application of 

75 the composition on both surfaces of separator film 1 1 is 
carried out by a spraying process. 
[0015] For achieving effective flow of ion (viz., lith- 
ium ion) through separator film 1 1 , the separator film 1 1 
should made as thin as possible. In the illustrated 

20 embodiment 1 00A, the thickness of separator 1 1 is not 
greater than 20 um For the same reason, the thickness 
of each of the positive and negative electrode layers 12 
and 1 3 is not greater than 20 urn 
[0016] The multilayer battery cell 100A is wound up 

25 to constitute a shaped unit. This shaped unit is received 
in a case and a lid is fixed to the case to complete a lith- 
ium ion battery. It is now to be noted that in this battery, 
there is no need of feeding the case with an electrolyte 
solution. 

30 [0017] When the battery is under discharging, lith- 
ium ions transfer from positive electrode layer 12 to neg- 
ative electrode layer 13 through separator film 11. 
While, when the battery is under charging, lithium ions 
transfer from negative electrode layer 13 to positive 

35 electrode layer 12 through separator film 1 1 . 

[0018] As is understood from the above, the cell 
1 00A has a simple structure and thus a battery includ- 
ing cell 100A can be constructed compact in size and 
can be produced at a low cost. 

40 [0019] For producing the multilayer battery cell 
100A, the following method is employed. 
[0020] As is seen from Fig. 6, the separator film 1 1 
is fed from a feeding roller "FR" to a rewinding roller 
"RR" traveling through a treating zone in the direction of 

45 arrow "A". Along one side of an upstream part of the 
treating zone, there are arranged a first sprayer 62 and 
a first dryer 63 and along the other side of a down- 
stream part of the treating zone, there are arranged a 
second sprayer 64 and a second dryer 65. The first 

so sprayer 62 sprays the above-mentioned lithium oxide 
composition and the second sprayer 64 sprays the 
above-mentioned ion-conductive composition. 
[0021 ] That is, during traveling of separator film 1 1 , 
the lithium oxide composition is sprayed onto one or 

55 upper surface of film 1 1 by first sprayer 62 and dried by 
first dryer 63 to form positive electrode layer 12, and 
then the ion -conductive composition is sprayed onto the 
other or lower surface of film 1 1 by second sprayer 64 
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and then dried by second dryer 65 to form negative 
electrode layer 1 3. 

EXAMPLE 

[0022] The multilayer battery cell 100A of the first 
embodiment will be much clarified from the following 
that describes an example of the first embodiment. 
[0023] That is, in the example, a multilayer battery 
cell "C" according to the present invention, that is, a 
multilayer battery cell "C" using a lithium satt-contained 
polymer electrolyte as an ion conductive layer was pro- 
duced. The description will proceed with the aid of Fig. 
10. 

[0024] As the ion conductive layer or separator 1 1 , 
a porous polyimide film having ^Alo^T^ 7 (P0 4 ) 3 
trapped in pores thereof was used. The porous polyim- 
ide film was produced by using the following method. 
[0025] By using S.S'^^'-biphenyltetracarboxylic 
dianhydride and 4,4'-oxydianiline, a polyamic acid solu- 
tion was prepared and adjusted. The polyamic acid 
solution was spilled over a glass base plate, and a 
porous polyolefine film was put on the glass base plate 
to cover the spilled polyamic acid solution. Then, the 
glass base plate was entirely submerged in a coagula- 
tion bath to form a porous polyamic acid film on the 
glass base plate. Then, the glass base plate was heated 
at about 300°C. With this, a porous polyimide film of 
about 30um thickness was prepared. 
[0026] Lii.3Alo.3Tii.7(P°4)3 as an j on conductive 
additive was prepared by using a method described in 
the reference (Electrochimica. Acta, Vol. 43 (1998) 
1333.). The ion conductive addition was dispersed in 
ethanol and fined by using a ball mill. Then, into the 
additive dispersed ethanol, the above-mentioned 
porous polyimide film was submerged to fill the fine par- 
ticles of additive into the pores of the film and then 
pulled out from the additive dispersed ethanol and 
dried. With this, the ion conductive layer 11 was pre- 
pared. 

[0027] Then, the positive and negative electrode 
layers 12 and 13 were formed on both surfaces of ion 
conductive layer 1 1 by taking the following method. 
[0028] As an active material for positive electrode 
12, a mixture including 40% by weight LiMn 2 0 4 , 5% by 
weight carbon black and 20% by weight cross-linkable 
polyether type monomer, 35% by weight electrolytic 
solution and 0.2% by weight azoisobutylnitrile was 
used. The monomer was shown in the reference (J. 
Electrochem. Soc. 145 (1998) 1521). The mixture was 
stirred well to form a slurry. The slurry was sprayed onto 
one surface of ion conductive layer 11 and dried under 
reduced pressure at about 90°C for about 2 hours. With 
this, the positive electrode layer 12 was formed on the 
surface of ion conductive layer 1 1 . The electrolyte solu- 
tion added to the mixture was prepared by adding 1 
mol/little LiPF 6 salt to a mixture of 1 by volume ratio pro- 
pylene carbonate and 1 by volume ratio dimethyl car- 
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bonate. By employing a similar process and using a 
hard carbon, the negative electrode layer 1 3 was pro- 
duced on the other surface of ion conductive layer 11. 
Then, by using a lower temperature thermal spraying 

5 process, an aluminum collector layer 12A was formed 
on positive electrode layer 12 and a copper collector 
layer 13A was formed on negative electrode layer 13. 
With these steps, the multilayer battery cell "C" was pro- 
duced. Each layer 12A or 13A had a thickness of about 

to 10um The thickness of ion conductive layer 11 was 
about 20ujti, the thickness of positive electrode layer 1 2 
was about 70u.m and that of negative electrode layer 1 3 
was about 80um. Polypropylene type hot melt sealing 
material was used for producing insulating layers 24 

75 and 25 (see Fig. 2). 

[0029] The strip-like cell n C" was wound up to con- 
stitute a shaped unit about 10 by 10 by 10 centimeters 
and subjected to charging/discharging tests at a tem- 
perature of 50 to 60°C. The results revealed that the unit 

20 had a sufficient performance as a rechargeable battery. 
[0030] Referring to Fig. 2, there is shown in a sec- 
tional manner a multilayer battery cell 100B which is a 
second embodiment of the present invention. 
[0031 ] The cell 1 00B comprises a separator film 1 1 , 

25 a positive electrode layer 12 and a negative electrode 
layer 13 which are assembled in the same manner as in 
the above-mentioned first embodiment of Fig. 1 . A first 
insulating layer 24 covers an almost entirety of positive 
electrode layer 12 and a second insulating layer 25 cov- 

30 ers an almost entirety of negative electrode layer 13, as 
shown. The insulating layers 24 and 25 are provided by 
a spraying process. As shown, the first insulating layer 
24 has an edge portion that is in contact with both sep- 
arator film 11 and positive electrode layer 12, and the 

35 second insulating layer 25 has an edge portion that is in 
contact with both separator film 1 1 and negative elec- 
trode layer 13. 

[0032] For producing the multilayer battery cell 
1 00B, the following method is employed. 

40 [0033] As is seen from Fig. 7, along one side of an 
upstream part of the treating zone, there are arranged a 
first sprayer 62 and a first dryer 63, along the other side 
of an intermediate part of the treating zone, there are 
arranged a second sprayer 64 and a second dryer 65 

45 and along both sides of a downstream part of the treat- 
ing zone, there are arranged third and fourth sprayers 
76 and 77 and third and fourth dryers 78 and 79, as 
shown. The third and fourth sprayers 76 and 77 spray a 
material for first and second insulating layers 24 and 25. 

so [0034] During traveling of separator film 11 in the 
direction of arrow "A", the lithium oxide composition is 
sprayed onto one or upper surface of film 1 1 by first 
sprayer 62 and dried by first dryer 63 to form positive 
electrode layer 12, and then the ion-conductive compo- 

55 sition is sprayed onto the other or lower surface of film 
1 1 by second sprayer 64 and then dried by second dryer 
65 to form negative electrode layer 13. Then, from third 
and fourth sprayers 76 and 77, the material for insulat- 
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ing layers 24 and 25 is sprayed onto both surfaces of 
film 1 1 and dried by dryers 78 and 79 to form on positive 
and negative electrode layers 12 and 13 first and sec- 
ond insulating layers 24 and 25 respectively. 
[0035] Referring to Fig. 3, there is shown in a sec- 
tional manner a multilayer battery cell 100C which is a 
third embodiment of the present invention. 
[0036] The cell 1 00C comprises a separator film 1 1 , 
a positive electrode layer 12 and a negative electrode 
layer 1 3 which are assembled in the same manner as in 
the above-mentioned first embodiment of Fig. 1 . A first 
electrically conductive layer 34 covers an almost 
entirety of positive electrode layer 12 and a second 
electrically conductive layer 35 covers an almost 
entirety of negative electrode layer 13, as shown. The 
first conductive layer 34 has an edge portion 36 that is 
in contact with both separator film 1 1 and positive elec- 
trode layer 12, and the second conductive layer 35 has 
an edge portion 37 that is in contact with both separator 
film 1 1 and negative electrode layer 13. The conductive 
layers 34 and 35 are provided by a spraying process. If 
desires, these conductive layers 34 and 35 may have an 
airtight and waterproof material. 

[0037] For producing the multilayer battery cell 
100C, the following method is employed. 
[0038] As is seen from Fig. 8, along one side of an 
upstream part of the treating zone, there are arranged a 
first sprayer 62 and a first dryer 63, along the other side 
of an intermediate part of the treating zone, there are 
arranged a second sprayer 64 and a second dryer 65 
and along both sides of a downstream part of the treat- 
ing zone, there are arranged fifth and sixth sprayers 86 
and 87 and third and fourth dryers 78 and 79, as shown. 
The fifth and sixth sprayers 86 and 87 spray a material 
for first and second conductive layers 34 and 35. 
[0039] During traveling of separator film 11 in the 
direction of arrow "A", the lithium oxide composition is 
sprayed onto one or upper surface of film 11 by first 
sprayer 62 and dried by first dryer 63 to form positive 
electrode layer 12, and then the ion-conductive compo- 
sition is sprayed onto the other or lower surface of film 
1 1 by second sprayer 64 and then dried by second dryer 
65 to form negative electrode layer 13. Then, from fifth 
and sixth sprayers 86 and 87, the material for conduc- 
tive layers 34 and 35 is sprayed onto both surfaces of 
film 1 1 and dried by dryers 78 and 79 to form on positive 
and negative electrode surfaces 1 2 and 13 first and sec- 
ond conductive layers 34 and 35 respectively. ' 
[0040] Referring to Fig. 4, there is shown in a sec- 
tional manner a multilayer battery cell 100D which is a 
fourth embodiment of the present invention. 
[0041 ] The cell 1 00D comprises a separator film 1 1 , 
a positive electrode layer 12, a negative electrode layer 
13, a first electrically conductive layer 34 and a second 
electrically conductive layer 35 which are assembled in 
the same manner as in the above-mentioned third 
embodiment of Fig. 3. A first insulating layer 46 covers 
an almost entirety of first conductive layer 34 and a sec- 



ond insulating layer 47 covers an almost entirety of sec- 
ond conductive layer 35, as shown. The first insulating 
layer 46 has an edge portion that is in contact with both 
separator film 11 and positive electrode layer 12, and 

5 the second insulating layer 47 has an edge portion that 
is in contact with both separator film 11 and negative 
electrode layer 13. These insulating layers 46 and 47 
are provided by a spraying process. Due to provision of 
insulating layers 46 and 47, sealing of ceil 100D is 

10 assured. 

[0042] For producing the multilayer battery cell 
100D, the following method is employed. 
[0043] As is seen from Fig. 9, along one side of an 
upstream part of the treating zone, there are arranged a 

15 first sprayer 62 and a first dryer 63 and along the other 
side of the upstream part, there are arranged a second 
sprayer 64 and a second dryer 65. Along both sides of 
an intermediate part of the treating zone, there are 
arranged fifth and sixth sprayers 86 and 87 and third 

20 and fourth dryers 78 and 79, and along both sides of a 
downstream part of the treating zone, there are 
arranged third and fourth sprayers 76 and 77 and third 
and fourth dryers 78 and 79, as shown. 
[0044] During traveling of separator film 1 1 in the 

25 direction of arrow "A", the lithium oxide composition is 
sprayed onto one or upper surface of film 11 by first 
sprayer 62 and dried by first dryer 63 to form positive 
electrode layer 12 and the ion-conductive composition 
is sprayed onto the other or lower surface of film 11 by 

30 second sprayer 64 and dried by second dryer 65 to form 
negative electrode layer 13. Then, from fifth and sixth 
sprayers 86 and 87, the material for conductive layers 
34 and 35 is sprayed onto both surfaces of film 11 and 
dried by dryers 78 and 79 to form on positive and nega- 

35 tive electrode layers 1 2 and 1 3 first and second conduc- 
tive layers 34 and 35 respectively. Then, from third and 
fourth sprayers 76 and 77, the material for insulating 
layers 46 and 475 is sprayed onto both surfaces of film 
1 1 and dried by dryers 78 and 79 to form on first and 

40 second conductive layers 34 and 35 first and second 
insulating layers 46 and 47 respectively. 
[0045] Referring to Fig. 5A, there is shown a sec- 
tional view of a battery that includes a case °C n and a 
shaped or wound up unit of battery cell 1 00B of the sec- 

45 ond embodiment As shown, the unit 1 00B is compactly 
and intimately received in the case "C°. As is seen from 
Fig. 5B, each part of the shaped unit has a laminated 
structure including first insulating film 24, positive elec- 
trode layer 12, separator film 11, negative electrode 

so layer 13 and second insulating film 25. 

[0046] The entire contents of Japanese Patent 
Application 1 1-220907 (filed August 4, 1999) are incor- 
porated herein by reference. 

[0047] Although the invention has been described 
55 above with reference to the embodiments of the inven- 
tion, the invention is not limited to such embodiments as 
described above. Various modifications and variations 
of such embodiments may be carried out by those 
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skilled in the art, in light of the above descriptions. 
Claims 

1 . A multilayer battery cell comprising: 

a separator film that is ion-conductive; 
a positive electrode layer disposed on one sur- 
face of said separator film, said positive elec- 
trode layer being provided by spraying on the 
surface of said separator film a first predeter- 
mined composition; 

a negative electrode layer disposed on the 
other surface of said separator film, said nega- 
tive electrode layer being provided by applying 
on the other surface of said separator film a 
second predetermined composition; 
a first conductive layer disposed on said posi- 
tive electrode layer and electrically connected 
to the same; and 

a second conductive layer disposed on said 
negative electrode layer and electrically con- 
nected to the same. 

2. A multilayer battery cell as claimed in Claim 1, in 
which said first conductive layer has a first portion 
that is in contact with both said separator film and 
said positive electrode layer and in which said sec- 
ond conductive layer has a second portion that is in 
contact with both said separator film and said neg- 
ative electrode layer. 

3. A multilayer battery cell as claimed in Claim 2, fur- 
ther comprising: 

a first insulating layer disposed on said first 
conductive layer and having a portion that is in 
contact with both said separator film and said 
positive electrode layer; and 
a second insulating layer disposed on said sec- 
ond conductive layer and having a portion that 
is in contact with both said separator film and 
said negative electrode layer. 

4. A multilayer battery eel! as claimed in Claim 3, in 
which each of said first and second insulating layers 
is constructed of an airtight and waterproof mate- 
rial. 

5. A multilayer battery cell as claimed in Claim 3, in 
which said positive and negative electrode layers, 
said first and second conductive layers and said 
first and second insulating layers are each provided 
by a spraying process. 

6. A multilayer battery cell as claimed in Claim 5, in 
which at least one of said positive and negative 
electrode layers includes an ionizabie material, so 



that upon charging and discharging, ion transfer 
takes place between said positive and negative 
electrode layers through said separator film. 

5 7. A multilayer battery cell as claimed in Claim 6, in 
which said separator film comprises a porous plas- 
tic film that has pores filled with ion-conductive 
additive. 

10 8. A multilayer battery cell as claimed in Claim 7, in 
which said positive electrode layer comprises lith- 
ium oxide composition and in which said negative 
electrode layer comprises carbon. 

15 9. A multilayer battery cell comprising: 

an ion-conductive separator film including a 
porous plastic film that has pores filled with ion- 
conductive additive; 

20 a positive electrode layer disposed on one sur- 

face of said separator film, said positive elec- 
trode layer being provided by applying on the 
surface of said separator film an oxide of lith- 
ium metal complex; 

25 a negative electrode layer disposed on the 

other surface of said separator film, said nega- 
tive electrode layer being provided by applying 
on the other surface of said separator film a 
carbon powder or an oxide of lithium metal 

30 complex; 

a first conducive layer disposed on said posi- 
tive electrode layer and electrically connected 
to the same, said first conductive layer having a 
first portion that is in contact with both said sep- 

35 arator film and said positive electrode layer; 

a second conductive layer disposed on said 
negative electrode layer and electrically con- 
nected to the same, said second conductive 
layer having a second portion that is in contact 

40 with both said separator film and said negative 

electrode layer; 

a first insulating layer disposed on said first 
conductive layer and having a portion that is in 
contact with both said separator film and said 

45 positive electrode layer; and 

a second insulating layer disposed on said sec- 
ond conductive layer and having a portion that 
is in contact with both said separator film and 
said negative electrode layer, 

so wherein said positive and negative electrode 

layers, said first and second conductive layers 
and said first and second insulating layers are 
each provided by a spraying or printing process 
and wherein upon charging and discharging, 

55 ion transfer takes place between said positive 

and negative electrode layers through said 
separator film. 
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10. A multilayer battery cell as claimed in Claim 9, in 
which said separator film is constructed of a plastic 
selected from a group consisting of polyethylene 
(PE), polypropylene (PP) and polyimide. 

5 

11- A multilayer battery cell as claimed in Claim 9, in 
which the oxide of lithium metal complex used for 
the positive and negative electrode layers is 
selected from a group consisting of LiCo0 2 , 
LiMn 2 0 4 , LiMn0 2 and LiNi0 2 . 10 

1 2. A method of producing a multilayer battery compris- 
ing: 

conveying an ion-conductive separator film in a 15 
given direction, said separator film having first 
and second surfaces; 

spraying first and second predetermined com- 
positions on said first and second surfaces of 
said separator film respectively, said first and 20 
second predetermined compositions being 
those for producing positive and negative elec- 
trode layers; 

drying said first and second predetermined 
compositions thereby to form the positive and 25 
negative electrode layers on said first and sec- 
ond surfaces of said separator film; 
spraying third and fourth predetermined com- 
positions on said positive and negative elec- 
trode layers thus produced; and 30 
drying said third and fourth predetermined 
compositions thereby to form first and second 
conductive layers on said positive and negative 
electrode layers respectively. 

35 

13. A method as claimed in Claim 12, further compris- 
ing: 

spraying fifth and sixth predetermined compo- 
sitions on said first and second conductive lay- ao 
ers thus produced; and 

drying said fifth and sixth predetermined com- 
positions thereby to form first and second insu- 
lating layers on said first and second 
conductive layers respectively. 45 



50 



55 



EP 1 075 037 A1 




FIG.2 

100B 





8 



r. 



EP 1 075 037 A1 




FIG.5A 




FIG.5B 




100B 



9 



EP 1 075 037 A1 





10 



EP 1 075 037 A1 




62 63 



FIG.9 

86 78 



76 78 




u u u 



rr 



« i . ' f— \ — : '» ■ ' i i '» 




P V P 



64 65 




87 T 
4 




79 77 79 



11 



t4 

EP 1 075 037 A1 



FIG.10 




12 



EP 1 075 037 A1 



FIG.1 1 

(PRIOR ART) 



*1 

EP 1 075 037 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 11 6805 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (IntCIT) 


A 


PATENT ABSTRACTS OF JAPAN 

vol 015 no 394 fE-1119} 

7 October 1991 (1991-10-07) 

-& JP 03 159069 A (YUASA BATTERY CO LTD), 

9 July 1991 (1991-07-09) 

* abstract * 


1,6-9, 
11 1 7 


H01M10/40 

H01M10/04 
H01M2/16 


A 


W0 99 23714 A (MOTOROLA INC) 
14 May 1999 (1999-05-14) 

* page 2, line 28 - page 3, line 35 * 

* page 3, line 10 - line 15 * 

* page 4, line 18 - line 26 * 

* page 6, line 8 - line 26 * 

* page 7, line 10 - line 20 * 

* claim 1 * 


1,6-12 




A 


PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 394 (E-1119), 

7 October 1991 (1991-10-07) 

-& JP 03 159070 A (YUASA BATTERY CO LTD), 


1,5,9,12 






9 July 1991 (1991-07-09) 
* abstract * 




TECHNICAL FIELDS 
SEARCHED (lnLCL7) 


P,A 


PATENT ABSTRACTS OF JAPAN 
vol. 1999, no. 14, 
22 December 1999 (1999-12-22) 
-& JP 11 260355 A (TDK CORP), 
24 September 1999 (1999-09-24) 
* abstract * 


1,5,6,9, 
12 


H01M 


A 


US 5 705 292 A (FUJIWARA NOBUHIRO ET AL) 
6 January 1998 (1998-01-06) 

* figures 6,7 * 

* column 2, line 38 - line 50 * 

* column 3, line 51 - line 66 * 

* column 5, line 4 - line 16 * 


1,3,5-13 




The present search report has been drawn up for all claims 







THE HAGUE 



Data of completion of the search 

27 November 2000 



Gamez, A 



CATEGORY OF CITED DOCUMENTS 

X : pan teuterty relevant If taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non- written disclosure 
P : intermediate document 



T : theory or principle underlying the invent ton 
E : earlier patent document, out published on, or 

after the filing date 
D : document cited in the apptfcatton 
L : document cled for other reasons 



& : member of the same patent family, corresponding 
document 



14 



EP 1 075 037 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 11 6805 



This annex lists the patent family members relating to the patent documents cited In the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

27-11-2000 



Patent document 
1 cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


JP 03159069 


A 


09-07-1991 


NONE 






W0 9923714 


A 


14-05-1999 


NONE 






JP 03159070 


A 


09-07-1991 


NONE 






JP 11260355 


A 


24-09-1999 


NONE 






US 5705292 


A 


06-01-1998 


JP 
JP 


9007637 A 
9092336 A 


10-01-1997 
04-04-1997 



2 

ui For more details about mis annex : see Official Journal of the European Patent Office, No. 12/82 



15 



